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(57) ABSTRACT

In one embodiment, a liquid crystal display device comprises
a pixel electrode including a first main electrode disposed
between a first line and a second line and extending like a belt
in a first extending direction. A first counter electrode
includes a second main electrode extending like a belt in the
first extending direction, a second counter electrode having a
third main electrode extending like a belt in the first extending
direction. The second and third main electrodes are disposed
on both sides of the first main electrode, and an initial align-
ment direction of the liquid crystal molecules is parallel with
a direction passing through an interstice between the first end
side of the first main electrode and the second line, and
through an interstice between the second end side of the first
main electrode and the first line.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional of U.S. application Ser. No.
13/348,906 filed Jan. 12, 2012, and is based upon and claims
the benefit of priority from prior Japanese Patent Application
No. 2011-059762, filed Mar. 17, 2011, the entire contents of
each of which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a liquid
crystal display device.

BACKGROUND

Recently, flat display devices have been actively devel-
oped. Among others, liquid crystal display devices have
attracted an attention due to their advantages such as light-
ness, thinness, and low power consumption. In particular,
noteworthy configurations for an active matrix type liquid
crystal display device incorporating a switching element in
each pixel are those using a lateral electric field (including a
fringe electric field) such as an IPS (In-Plane Switching)
mode and FFS (Fringe Field Switching) mode. The liquid
crystal display device in the lateral electric field mode
includes pixel electrodes and counter electrodes formed in an
array substrate, and performs switching of liquid crystal mol-
ecules using the lateral electric filed substantially parallel
with a principal surface of the array substrate.

On the other hand, there has been also proposed a tech-
nique of performing switching of the liquid crystal molecules
by forming a lateral electric field or an oblique electric field
between the pixel electrode formed on the array substrate and
the counter electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the general descrip-
tion given above and the detailed description of the embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 is a view schematically showing a configuration of
a liquid crystal display device according to an embodiment.

FIG. 2 is a view schematically showing the configuration
and equivalent circuit of a liquid crystal display panel shown
in FIG. 1.

FIG. 3 is a plan view schematically showing a configura-
tion of an array substrate when one pixel of the liquid crystal
display panel shown in FIG. 2 is seen from a counter substrate
side.

FIG. 4 is a plan view schematically showing a configura-
tion of one pixel on the counter substrate of the liquid crystal
display panel shown in FIG. 2.

FIG. 5 is a plan view schematically showing a minimum
unit constituent in one pixel of a first configuration example.

FIG. 6 is a cross-sectional view schematically showing a
cross-section of the liquid crystal display panel including a
first main electrode, a second main electrode, and a third main
electrode and a switching element in the unit constituent
shown in FIG. 5.

FIG. 7 is a schematic diagram of an electric line of force
expressing an electric field generated when a positive voltage
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is applied to a pixel electrode PE and a negative voltage is
applied to a counter electrode CE in an example shown in
FIG. 5.

FIG. 8 is a plan view schematically showing another unit
constituent in the one pixel of the first configuration example.

FIG. 9 is a schematic diagram of an electric line of force
expressing an electric field generated when a positive voltage
is applied to a pixel electrode PE and a negative voltage is
applied to a counter electrode CE in an example shown in
FIG. 8.

FIG. 10 is a plan view schematically showing a minimum
unit constituent in one pixel of a second configuration
example.

DETAILED DESCRIPTION

A liquid crystal display device according to an exemplary
embodiment of the present invention will now be described
with reference to the accompanying drawings wherein the
same or like reference numerals designate the same or corre-
sponding parts throughout the several views.

According to one embodiment, a liquid crystal display
device includes: a first substrate including a first line and a
second line which extend in directions parallel with each
other, a pixel electrode including a first main electrode dis-
posed between the first line and the second line and extending
like a belt in a first extending direction, a first auxiliary elec-
trode extending from a first end side of the first main electrode
toward the first line, and a second auxiliary electrode extend-
ing from a second end side of the first main electrode toward
the second line, and a first alignment layer covering the pixel
electrode; a second substrate including a first counter elec-
trode including a second main electrode extending like a belt
in the first extending direction, a second counter electrode
including a third main electrode extending like a belt in the
first extending direction, and a second alignment layer cov-
ering the first counter electrode and the second counter elec-
trode; and a liquid crystal layer including liquid crystal mol-
ecules held between the first substrate and the second
substrate, wherein the second main electrode and the third
main electrode are disposed on both sides of the first main
electrode and an initial alignment direction of the liquid crys-
tal molecules is parallel with a direction passing through an
interstice between the first end side of the first main electrode
and the second line and through an interstice between the
second end side of the first main electrode and the first line.

According to other embodiment, a liquid crystal display
device includes: a first substrate including a pixel electrode
having a first main electrode extending like a belt in a first
extending direction, a first auxiliary electrode extending from
a first end side of the first main electrode in a direction
different from the first extending direction, and a second
auxiliary electrode extending from a second end side of the
first main electrode in a direction different from the first
extending direction, and a first alignment layer covering the
pixel electrode; a second substrate including a first counter
electrode having a second main electrode extending like a belt
in the first extending direction, a second counter electrode
having a third main electrode extending like a belt in the first
extending direction, and a second alignment layer covering
the first counter electrode and the second counter electrode;
and a liquid crystal layer including liquid crystal molecules
held between the first substrate and the second substrate,
wherein the second main electrode and the third main elec-
trode are disposed on both sides of the first main electrode,
and the first auxiliary electrode and the second auxiliary
electrode are each disposed in an area where an angle between
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a reference straight line which is parallel with an initial align-
ment direction of the liquid crystal molecules and passes
through the center of the first main electrode and the center
line which is parallel with the first extending direction and
passes the center of the first main electrode is an obtuse angle.

According to other embodiment, a liquid crystal display
device includes: a first substrate including a first line and a
second line extending in directions parallel with each other, a
pixel electrode including a first main electrode disposed
between the first line and the second line and extending like a
belt in a first extending direction, a second main electrode
extending like a belt in a second extending direction different
from the first extending direction and connected with the first
main electrode, a first auxiliary electrode extending from a
second end side of the first main electrode toward the second
line, a second auxiliary electrode extending from a connected
portion of the first main electrode with the second main elec-
trode toward the first line, and a third auxiliary electrode
extending from a second end side of the second main elec-
trode toward the second line, and a first alignment layer
covering the pixel electrode; a second substrate including a
first counter electrode having a third main electrode extend-
ing like a belt in the first extending direction and a fourth main
electrode extending like a belt in the second extending direc-
tion and connected with the third main electrode, a second
counter electrode having a fifth main electrode extending like
a belt in the first extending direction and a sixth main elec-
trode extending like a belt in the second extending direction
and connected with the fifth main electrode, and a second
alignment layer covering the first counter electrode and the
second counter electrode; and a liquid crystal layer including
liquid crystal molecules held between the first substrate and
the second substrate, wherein the third main electrode and the
fifth main electrode are disposed on both sides of the first
main electrode, the fourth main electrode and the sixth main
electrode are disposed on both sides of the second main
electrode, and an initial alignment direction of the liquid
crystal molecules is parallel with a direction passing through
an interstice between the second end side of the first main
electrode and the first line and an interstice between the
second end side of the second main electrode and the first line.

FIG. 1 is a view schematically showing a configuration of
a liquid crystal display device 1 according to this embodi-
ment. The liquid crystal display device 1 includes an active
matrix-type liquid crystal display panel LPN, a drive IC chip
2 which is connected with the liquid crystal display panel
LPN, a flexible wiring substrate 3, a back light 4 to illuminate
the liquid crystal display panel LPN, and the like.

The liquid crystal display panel LPN is configured of an
array substrate AR which is a first substrate, a counter sub-
strate CT which is a second substrate disposed opposite to the
array substrate AR, and an unillustrated liquid crystal layer
which is held between the array substrate AR and the counter
substrate CT. Such liquid crystal display panel LPN includes
an active area ACT to display an image. This active area ACT
includes a plurality of pixels PX which are disposed in a
matrix form with mxn pixels (here, m and n are positive
integers).

In the illustrated example, the back light 4 is disposed on a
back surface side of the array substrate AR. As such back light
4, a various forms can be applied, and the back light 4 may be
any of one using a light emitting diode (LED) used as a light
source or one using a cold-cathode tube (CCFL). The detailed
description of the configuration thereof will be omitted.

FIG. 2 is a view schematically showing the configuration
and equivalent circuit of the liquid crystal display panel LPN
shown in FIG. 1.
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The liquid crystal display panel LPN includes, in the active
area ACT, n gate lines G (G1 to Gn), n auxiliary capacitance
lines C (C1 to Cn), m source lines S (S1 to Sm), and the like.
The gate lines G and the auxiliary capacitance lines C extend
in a first direction X. Also, the gate lines G and the auxiliary
capacitance lines C are alternately arranged in parallel in a
second direction Y perpendicular to the first direction X. Each
source line S extends in the second direction’Y where the gate
line G and the auxiliary capacitance line C intersect each
other. Also, the source lines S are disposed in parallel in the
first direction X. In the illustrated example, the gate line G and
the auxiliary capacitance line C, and the source line S are
substantially perpendicular to one another. Note that the
source line S is not limited to linearly extend but may be
curved in at least one portion thereof.

Each gate line G is pulled out to the outside of the active
area ACT andis connected with a gate driver GD. Each source
line S is pulled out to the outside of the active area ACT and
is connected with a source driver SD. At least one portion of
these gate driver GD and source driver SD is formed on the
array substrate, for example, and is connected with the drive
IC chip 2 having a built-in controller.

Each pixel PX includes a switching element SW, a pixel
electrode PE, a counter electrode CE, and the like. A retentive
capacitance Cs is formed between the auxiliary capacitance
line C and the pixel electrode PE, for example.

According to the embodiment, the liquid crystal display
panel LPN has a configuration in which the pixel electrode PE
is formed on the array substrate AR while the counter elec-
trode CE is formed on the counter substrate CT, and mainly
uses an electric field formed between the pixel electrode PE
and the counter electrode CE to switch liquid crystal mol-
ecules of the liquid crystal layer LQ. The electric field formed
between the pixel electrode PE and the counter electrode CE
is a lateral electric filed (or an oblique electric filed slightly
oblique with respect to the substrate surface) substantially
parallel with the principal surface of the array substrate AR or
the principal surface of the counter substrate CT.

The switching element SW is formed of, for example, an
n-channel thin film transistor (FTF). This switching element
SW is electrically connected to the gate line G and the source
line S. In the active area ACT, mxn switching elements SW
are formed.

The pixel electrode PE is electrically connected to the
switching element SW. In the active area ACT, mxn pixel
electrodes PE are formed. The counter electrode CE has, for
example, a common potential and is commonly disposed via
the liquid crystal layer LQ to the plurality of pixel electrodes
PE. This counter electrode CE is electrically connected to a
voltage supplying portion VS formed on the array substrate
AR via an unillustrated conductive member. The auxiliary
capacitance line C is electrically connected to a voltage
applying portion VCS to which an auxiliary capacitance volt-
age is applied.

Hereinafter, the first configuration example according to
the embodiment is described.

FIG. 3 is a plan view schematically showing a structure of
the array substrate AR when one pixel PX of'the liquid crystal
display panel LPN shown in FIG. 2 is seen from a counter
substrate CT side. Note that in the figure, only one pixel PX
configuring the active area ACT is shown, but other pixels
also have the same configuration. Also, the illustrated
example illustrates only the constituents needed for descrip-
tion of one pixel.

A source line S1 and a source line S2 are parallel with each
other and both of which outwardly extend in the second
direction Y. The pixel electrode PE is disposed between the
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source line S1 and the source line S2. In the illustrated
example, the pixel PX corresponds to a region shown by the
broken line in the figure and has a rectangular shape whose
length in the second directionY is longer than the length in the
first direction X. Also, in the illustrated example, the source
line S1 is disposed at the left end portion, and the source line
S2 is disposed at the right end portion with respect to the pixel
PX. A substantially rectangular aperture is formed between
the source line S1 and the pixel electrode PE and between the
source line S2 and the pixel electrode PE.

The pixel electrode PE is electrically connected to a
switching element which is not illustrated. The pixel elec-
trode PE includes a first main electrode M1, a first auxiliary
electrode A1, and a second auxiliary electrode A2. These first
main electrode M1, first auxiliary electrode A1, and second
auxiliary electrode A2 are integrally formed and are electri-
cally connected to one another. Also, the pixel electrode PE
may further include a capacitance portion forming an auxil-
iary capacitance with the auxiliary capacitance line, a con-
nection portion to be electrically connected to the switching
element, a secondary electrode which is aligned on the gate
line to weaken influence of an electric field from the gate line,
and the like.

The first main electrode M1 extends like a belt in the
second directionY and is linearly formed. Here, a first extend-
ing direction in which the first main electrode M1 extends is
equivalent to the second direction'Y. This first main electrode
M1 is positioned on an inner side of each of the source line S1
and the source line S2 in the pixel PX and is positioned almost
in the middle between the source line S1 and the source line
S2.

The first main electrode M1 extends from an upper end
portion to a lower end portion in the pixel PX. Here, a portion
of'the first main electrode M1 between the lower end portion
of the pixel PX and the center “O” of the first main electrode
M1, is referred to as a first end side of the first main electrode
M1 and a portion between the upper end portion side of the
pixel PX and the center “O” of the first main electrode M1 is
referred to as a second end side of the first main electrode M1.

The first auxiliary electrode Al extends from a first end
side of the first main electrode M1 in a direction different
from the second direction Y which is the first extending direc-
tion and is linearly formed. Here, the first auxiliary electrode
Al extends from the first main electrode M1 to the left
thereof. In other words, the first auxiliary electrode Al
extends from the first end side of the first main electrode M1
to the source line S1.

The second auxiliary electrode A2 extends from the second
end side of the first main electrode M1 in a direction different
from the second direction Y which is the first extending direc-
tion and is linearly formed. Here, the second auxiliary elec-
trode A2 extends from the first main electrode M1 to the right
thereof. In other words, the second auxiliary electrode A2
extends from the second end side of the first main electrode
M1 to the source line S2.

In the example shown here, the first auxiliary electrode A1l
is connected with a lower end portion (first end portion) of the
first main electrode M1. The second auxiliary electrode A2 is
connected with an upper end portion (second end portion) of
the first main electrode M1. The direction in which the first
auxiliary electrode A1 extends is parallel with the direction in
which the second auxiliary electrode A2 extends. A second
extending direction in which these first auxiliary electrode A1
and second auxiliary electrode A2 extend is parallel with the
first direction X, for example. In other words, in the example
shown here, the first auxiliary electrode Al and the second
auxiliary electrode A2 are substantially perpendicular to the
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first main electrode M1. Note that, an angle between the first
extending direction and the second extending direction, i.e.,
an angle shown by 61 in the figure between the first main
electrode M1 and the first auxiliary electrode Al or between
the first main electrode M1 and the second auxiliary electrode
A2 is not limited to 90° but it is preferably needed that the
angle be equal or larger than 90° and smaller than 180°.

The first auxiliary electrode A1l is set to have such length as
not to reach the source line S1. Similarly, the second auxiliary
electrode A2 is set to have such length as not to reach the
source line S2.

An auxiliary electrode extending from the first end side of
the first main electrode M1 to the source line S2 or an auxil-
iary electrode extending from the second end side of the first
main electrode M1 to the source line S1 is not provided.
Accordingly, these first main electrode M1, first auxiliary
electrode A1, and second auxiliary electrode A2 form a sub-
stantially S-letter shape or a reverse S-letter shape.

With respect to the pixel configuration as described above,
alignment processes for initially aligning liquid crystal mol-
ecules (e.g., a rubbing process or a photo-aligning process) is
performed on a first alignment layer AL1 disposed on the
surface of the array substrate AR to cover the pixel electrode
PE and a second alignment layer A2 disposed on the surface
of a counter substrate to cover the counter electrode. A first
alignment process direction RB 1 in which the first alignment
layer AL1 initially aligns liquid crystal molecules and a sec-
ond alignment process direction RB 2 in which the second
alignment layer AL2 initially aligns the liquid crystal mol-
ecules are set in directions shown in the figure. These first
alignment process direction RB1 and second alignment pro-
cess direction RB2 are parallel with each other. In the
example shown here, the first alignment process direction
RB1 and the second alignment process direction RB2 are
reverse to each other but may have a same direction.

Here, the first alignment process direction RB1 and the
second alignment process direction RB2 are parallel with a
reference straight line LR passing through an interstice
between the first end side of the first main electrode M1 and
the source line S2 which is the second line and through an
interstice between the second end side of the first main elec-
trode M1 and the source line S1 which is the first line. In other
words, in the example shown here, the first alignment process
direction RB1 and the second alignment process direction
RB2 each are a direction intersecting, at a sharp angle in the
counterclockwise direction with respect to the second direc-
tion Y which is the first extending direction.

An area where the first auxiliary electrode Al and the
second auxiliary electrode A2 are disposed and the first align-
ment process direction RB1 and the second alignment pro-
cess direction RB2 have a following relationship. That is to
say, the first alignment process direction RB1 and the second
alignment process direction RB2 have a direction parallel
with an initial alignment direction of liquid crystal molecules
to be described later. The first auxiliary electrode A1 and the
second auxiliary electrode A2 are disposed in the area in
which an angle 61 between the reference straight line LR
which is parallel with the initial alignment direction of the
crystal liquid molecules and passes the center “O” of the first
main electrode M1 and the center line L.C which is parallel
with the first extending direction and passes the center “O” of
the first main electrode M1 is an obtuse angle.

FIG. 4 is a plan view schematically showing the structure
of one pixel PX in the counter substrate CT of the liquid
crystal display panel LPN shown in FIG. 2. Note that the pixel
electrode PE and source lines S1 and S2 of the one pixel PX
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are shown by the broken line for illustrating a positional
relationship between the counter electrode CE and the pixel
electrode PE.

The counter electrode CE includes the illustrated first
counter electrode CE1 and second counter electrode CE2. In
other words, these first counter electrode CE1 and second
counter electrode CE2 are electrically connected to each
other. The first counter electrode CE1 includes a second main
electrode M2 and a third auxiliary electrode A3 correspond-
ing to the one pixel PX. The second counter electrode CE2
includes a third main electrode M3 and a fourth auxiliary
electrode A4 corresponding to the one pixel PX.

The second main electrode M2 and the third main electrode
M3 extend like a belt in the first extending direction (the
second direction Y) parallel with the extending direction of
the first main electrode M1 and are linearly formed. In other
words, these second main electrode M2 and third main elec-
trode M3 are parallel with the first main electrode M1.

The second main electrode M2 faces the source line S1.
Here, the second main electrode M2 is disposed right above
the source line S1. In other words, the second main electrode
M2 is disposed between the pixel PX and a pixel (not shown)
adjacent to the left side thereof.

In addition, the third main electrode M3 faces the source
line S2. Here, the third main electrode M3 is disposed right
above the source line S2. In other words, the third main
electrode M3 is disposed between the pixel PX and a pixel
(not shown) adjacent to the right side thereof.

These second main electrode M2 and third main electrode
M3 are alternately arranged at a substantially regular interval
in the first direction X without overlapping with the first main
electrode of the pixel electrode PE. In other words, the second
main electrode M2 is arranged beside a position right above
the first main electrode M1 (without overlapping), while the
third main electrode M3 is disposed opposite to the second
main electrode M2 across the position right above the first
main electrode M1.

The first electrode M1 is positioned almost in the middle
between the second main electrode M2 and the third main
electrode M3. The second main electrode M2, the first main
electrode M1, and the third main electrode M3 are sequen-
tially arranged in this order from the left to the right in the
figure. Here, an electrode-to-electrode distance in the first
direction X between the first main electrode M1 and the
second main electrode M2 is substantially same as an elec-
trode-to-electrode distance in the first direction X between
the first main electrode M1 and the third main electrode M3.

The third auxiliary electrode A3 of the first counter elec-
trode CE1 extends in a direction different from the second
direction Y which is the first extending direction. In other
words, the third auxiliary electrode A3 extends from a posi-
tion in the second main electrode M2, which is lined up with
the second end side of the first main electrode M1, toward the
second counter electrode CE2 and is linearly formed. Here,
the third auxiliary electrode A3 extends from the second main
electrode M2 to the right side thereof.

The fourth auxiliary electrode A4 of the second counter
electrode CE2 extends in the direction different from the
second direction Y which is the first extending direction. In
other words, the fourth auxiliary electrode A4 extends from a
position in the third main auxiliary electrode M3, which is
lined up with the first end side of the first main electrode M1
toward the first counter electrode CE1 and is linearly formed.
Here, the fourth auxiliary electrode A4 extends from the third
main electrode M3 to the left side thereof.

The direction in which the third auxiliary electrode A3
extends is parallel with the direction in which the fourth
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auxiliary electrode A4 extends but the directions are reverse
directions with respect to each other. A third extending direc-
tion in which these third auxiliary electrode A3 and fourth
auxiliary electrode A4 extend is parallel with the first direc-
tion X, for example. Also, the second extending direction in
which the first auxiliary electrode Al and second auxiliary
electrode A2 extend is parallel with the third extending direc-
tion in which the third auxiliary electrode A3 and the fourth
auxiliary electrode A4 extend.

As shown in the figure, the third auxiliary electrode A3
extends in a direction same as that of the second auxiliary
electrode A2 (both in the direction to the right). Also, the
fourth auxiliary electrode A4 extends in a direction same as
that of the first auxiliary electrode A1 (both in the direction to
the left). In the illustrated example, the third auxiliary elec-
trode A3 is formed so as to be positioned in a substantially
same straight line with the second auxiliary electrode A2, and
the fourth auxiliary electrode A4 is formed so as to be sub-
stantially same straight line with the first auxiliary electrode
Al.

Inthe example shown here, the third auxiliary electrode A3
is perpendicular to the second main electrode M2, and the
fourth auxiliary electrode A4 is perpendicular to the third
main electrode M3. Note that, an angle between the first
extending direction and the third extending direction, i.e., an
angle shown by 02 in the figure between the second main
electrode M2 and the third auxiliary electrode A3, and an
angle between the third main electrode M3 and the fourth
auxiliary electrode A4 is not limited to 90° but it is preferably
needed that the angle be equal to or larger than 90° and
smaller than 180°.

These third auxiliary electrode A3 and fourth auxiliary
electrode A4 are set to have such length as not to reach the
position right above the pixel electrode PE.

Note that the first counter electrode CE1 includes the
fourth auxiliary electrode (shown by the broken line in the
figure) corresponding to a pixel adjacent to the left side of the
pixel PX. Also, the second counter electrode CE2 includes the
third auxiliary electrode (A3 shown by the broken line in the
figure) corresponding to a pixel adjacent to the right side of
the pixel PX.

In the pixel PX having the above-described configuration,
apertures (a transmissive portion) which mainly contribute to
display are formed between the first main electrode M1 and
the second main electrode M2 and between the first main
electrode M1 and the third main electrode M3. In a state
where an electric field is formed between the pixel electrode
PE and the counter electrode CE, a main alignment direction
of'the liquid crystal molecules LM in each aperture is shown
by any of arrows AW1 and AW?2 in the figure. In other words,
the alignment is made in two directions in the one pixel PX.

FIG. 5 is a plan view schematically showing a minimum
unit constituent in the one pixel PX of the first configuration
example.

The pixel electrode PE includes the first main electrode
M1, the first auxiliary electrode A1, and the second auxiliary
electrode A2. The first counter electrode CE1 includes the
second main electrode M2 and the third auxiliary electrode
A3. The second counter electrode CE2 includes the third
main electrode M3 and the fourth auxiliary electrode A4.

The first alignment process direction RB1 of the first align-
ment layer AL1 which covers the pixel electrode PE and the
second alignment process direction RB2 of the second align-
ment layer AL2 which covers the counter electrode CE are
parallel with each other and are parallel with the reference
straight line LR intersecting the second directionY at a sharp
angle in the counterclockwise direction.
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A sharp angle 62 between the second direction Y being the
first extending direction and each of the first and second
alignment process direction RB1, RB2 is an angle larger than
0° and smaller than 45°. From a viewpoint of alignment
control of the liquid crystal molecules, it is extremely effec-
tive that the angle 02 is set to be approximately 5° to 25°, and
more preferably, around 10°. Here, the first alignment process
direction RB1 and the second alignment process direction
RB2 are in a direction slightly inclined by about a several
degrees, for example, 7°, with respect to the second direction
Y.

FIG. 6 is a cross-sectional view schematically showing the
cross section of the liquid crystal display panel LPN includ-
ing the first main electrode M1, second main electrode M2,
third main electrode M3, and switching element SW of the
unit constituent shown in FIG. 5. Here, an isoelectric line is
shown in a state where a potential difference is formed among
the first main electrode M1, the second main electrode M2,
and the third main electrode M3.

The array substrate AR is formed using a first insulating
substrate SUB1 having a light transmissive characteristic,
such as a glass substrate or a plastic substrate. This array
substrate AR includes the source lines S1 and S2, the switch-
ing element SW, the pixel electrode PE, the first alignment
layer AL1, and the like on the side opposite to the counter
substrate CT of the first insulating substrate SUB1.

The switching element SW may be a top gate-type switch-
ing element or bottom gate-type switching element, and
includes a semiconductor layer formed of a poly-silicon or
amorphous silicon, though the detailed description thereofis
not shown. In the illustrated example, the source lines S1 and
S2 and the switching element SW are covered with an insu-
lating layer IS.

The pixel electrode PE is disposed above the source lines
S1 and S2, i.e., on the side of the counter substrate CT. In the
illustrated example, the pixel electrode PE is formed on the
insulating layer IS and is electrically connected to the switch-
ing element SW via a contact hole formed in the insulating
layer IS. The first main electrode M1 of the pixel electrode PE
or the unillustrated first auxiliary electrode and second aux-
iliary electrode are not disposed in the positions right above
the source lines S1 and S2. Such pixel electrode PE is formed
of a conductive material having a light transmissive charac-
teristic, such as Indium Tin Oxide (ITO) or Indium Zinc
Oxide (IZ0O).

The first alignment layer AL1 is disposed on a surface
facing the counter substrate CT of the array substrate AR and
extends over a substantially entire region of the active area
ACT. The first alignment layer AL.1 covers the pixel electrode
PE. Such first alignment layer AL1 is formed of a material
showing a lateral alignment. The alignment process is per-
formed on the first alignment layer AL1 so as to have the first
alignment process direction RB1 as shown in FIG. 5 and the
like.

On the other hand, the counter substrate CT is formed using
a second insulating substrate SUB2 having a light transmis-
sive characteristic, such as a glass substrate or a plastic sub-
strate, for example. The counter substrate CT includes the
counter electrode CE including the first counter electrode
CE1 and the second counter electrode CE2 and the second
alignment layer AL.2, and the like on the side facing the array
substrate AR of the second insulating substrate SUB2. Note
that the counter substrate CT may include a black matrix
dividing each pixel PX and a color filter layer which is dis-
posed corresponding to each pixel PX, an overcoat layer to
weaken the influence of the uneven surface of the color filter
layer, and the like.
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The second main electrode M2 of the first counter elec-
trode CE1 is disposed in a position not above the first main
electrode M1, and is disposed in a position right above the
source line S1 here. The third main electrode M3 of the
second counter electrode CE2 is disposed in a position not
above the first main electrode M1 and is disposed in a position
right above the source line S2 here. In other words, the second
main electrode M2 and the third main electrode M3 are dis-
posed on the both sides of the position above the main elec-
trode M1 and do not face the first main electrode M1. The
counter electrodes CE including the first counter electrode
CE1 and the second counter electrode CE2 is formed of a
conductive material having a light transmissive characteristic
such as ITO or IZO.

The second alignment layer AL2 is disposed in a surface of
the counter substrate CT facing the array substrate AR and
extends over a substantially entire region of the active area
ACT. The second alignment layer AL2 covers the counter
electrode CE. The second alignment layer AL2 is formed of a
material having a lateral alignment. The alignment process is
performed on the second alignment layer AL2 so as to have
the second alignment process direction RB2 as shown in FIG.
5 and the like.

The above-described array substrate AR and counter sub-
strate CT are respectively disposed so that the first alignment
layer ALL1 and second alignment layer AL2 thereof would
face each other. At this time, for example, a columnar spacer
which is integrally formed on one of the substrates and is
formed of a resin material is disposed between the first align-
ment layer AL1 of the array substrate AR and the second
alignment layer AL.2 of the counter substrate CT, whereby a
predetermined gap, for example a cell gap with 3 to 7 um is
formed. The array substrate AR and the counter substrate CT
are stuck to each other with an unillustrated sealing material
with the predetermined gap being formed therebetween.

The liquid crystal layer LQ is held by the cell gap formed
between the array substrate AR and the counter substrate CT
and is disposed between the first alignment layer AL1 and the
second alignment layer AL2. The liquid crystal layer LQ
includes liquid crystal molecules which are not shown in the
figure. The liquid crystal layer L.Q is configured of a positive-
type liquid crystal material.

A first polarizer PL1 having a first polarizing axis is
adhered with an adhesive or the like to an outer surface of the
first insulating substrate SUB1 configuring the array substrate
AR. Also, a second polarizer PL.2 having a second polarizing
axis is adhered with an adhesive or the like to an outer surface
of'the counter substrate CT, i.e., an outer surface of the second
insulating substrate SUB2 configuring the counter electrode
CT.

In the embodiment, the first polarizing axis of the first
polarizer PL1 and the second polarizing axis of the second
polarizer PL, have a mutually-perpendicular positional rela-
tionship. One of the polarizers is disposed so that the polar-
izing axis thereof would be parallel with or perpendicular to
a longitudinal direction of the liquid crystal molecules LM in
the initial alignment state, i.e., the first alignment process
direction RB1 or the second alignment process direction
RB2. With this configuration, a normally black mode is real-
ized.

In other words, when an electric field is not exist (the OFF
time), a potential diftference is not formed between the pixel
electrode PE and the first counter electrode CE1 and between
the pixel electrode PE and the second counter electrode CE2.
At this time, the liquid crystal molecules LM of the liquid
crystal layer LQ are aligned in a direction parallel with the
first alignment process direction RB1 and the second align-
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ment process direction RB2. This alignment direction of the
liquid crystal molecules LM during the OFF time corre-
sponds to the initial alignment direction. Accordingly, during
the OFF time, the liquid crystal molecules LM are aligned so
that the longitudinal axis thereof would be parallel with the
reference straight line LR.

Note that in a narrow sense, the liquid crystal molecules
LM are not necessarily aligned parallel to the X-Y plane and
are often pretilt. For this reason, for providing a simple
description, a direction in which the alignment direction of
the liquid crystal molecules LM during the OFF time is ortho-
graphically projected on the X-Y plane is used as the initial
alignment direction of the liquid crystal molecules LM in a
narrow sense here. For providing further simpler description,
hereinafter it is assumed that the liquid crystal molecules LM
are aligned parallel with the X-Y plane and the description is
given of the case where the liquid crystal molecules LM rotate
within a surface parallel with the X-Y plane.

One part of the light from the back light 4 transmits the first
polarizer PIA and enters the liquid crystal display panel LPN.
The polarized state of the light entering the liquid crystal
display panel LPN varies depending on the alignment state of
the liquid crystal molecules LM at the time of passing through
the liquid crystal layer LQ. During the OFF time, the light
passing through the liquid crystal layer LQ is absorbed by the
second polarizer PL2 (displayed in black).

On the other hand, in a state where a potential difference is
formed between the pixel electrode PE and the counter elec-
trode CE (the ON time), as shown in FIG. 6, a lateral electric
field (or oblique electric field) parallel with the substrates is
formed between the first main electrode M1 and the second
main electrode M2 and between the first main electrode M1
and the third main electrode M3. With this configuration, the
liquid crystal molecules LM rotate within a plane substan-
tially parallel with the principal surface of the substrate so that
the longitudinal direction thereof would be substantially par-
allel with the direction of the electric field.

In the example shown in FIG. 5, the liquid crystal mol-
ecules LM between the first main electrode M1 and the sec-
ond main electrode M2 rotate in the counterclockwise direc-
tion along the lateral electric filed between the first main
electrode M1 and the second main electrode M2 and are
aligned so as to face to the left side in the figure with respect
to the second direction Y. The liquid crystal molecules LM
between the first main electrode M1 and the third main elec-
trode M3 rotate in the counterclockwise direction along the
lateral electric field between the first main electrode M1 and
the third main electrode M3 and are aligned so as to face the
right side in the figure with respect to the second direction Y.

Asdescribed above, in a state where the lateral electric field
is formed between the pixel electrode PE and the counter
electrode CE in each pixel PX, the alignment direction of the
liquid crystal molecules LM is divided into two directions and
a domain is formed in each alignment direction. In other
words, in the illustrated example, two domains are formed in
each pixel PX.

One part of the light from the back light entering the liquid
crystal display panel LPN changes the polarization state
thereof when passing through an interstice between the first
main electrode M1 and the second main electrode M2 and an
interstice between the first main electrode M1 and the third
main electrode M3. The light passing through the liquid crys-
tal layer LQ during the ON time transmits the second polar-
izer PL2 (displayed in white). In other words, the interstice
between the first main electrode M1 and the second main
electrode M2 and the interstice between the first main elec-
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trode M1 and the third main electrode M3 serve as apertures
(or transmissive portions) each contributing to the display.

According to this embodiment, two domains can be formed
within one pixel, so that a viewing angle can be optically
compensated in the two directions and a wider viewing angle
can be provided. Accordingly, a liquid crystal display device
having a good display quality can be provided.

Also, according to the embodiment, the first auxiliary elec-
trode A1 is disposed between the first end side of the pixel
electrode PE and the source line S1 while the second auxiliary
electrode A2 is disposed between the second end side of the
pixel electrode PE and the source line S2. Accordingly, during
the ON time, an electric field for driving the liquid crystal
molecules LM in the area therebetween is enhanced. That is to
say, an undesired electric field which may cause disorder of
the alignment of the liquid crystal molecules LM can be
prevented from occurring.

In addition, according to this embodiment, the fourth aux-
iliary electrode A4 is disposed between the first end side of the
pixel electrode PE and the source line S2 in addition to the
first auxiliary electrode A1 and the second auxiliary electrode
A2. Also, the third auxiliary electrode A3 is disposed between
the second end side of the pixel electrode PE and the source
line S1. Accordingly, similar to the case where the first aux-
iliary electrode A1 and the second auxiliary electrode A2 are
disposed, during ON time, en electric field for driving the
liquid crystal molecules LM in the area therebetween can be
enhanced.

Furthermore, the foregoing description is further described
by using FIG. 7. FIG. 7 is a schematic view of electric line of
force showing an electric field generated when a positive
voltage is applied to the pixel electrode PE and a negative
voltage is applied to the counter electrode CE.

With regard to the electric field generated between the first
auxiliary electrode Al and the second main electrode M2 of
the first counter electrode CE1, there is an electric field having
adirection same as that of the electric field generated between
the first main electrode M1 and the second main electrode
M2, i.e., an electric line of force substantially vertical to the
first main electrode M1. Also, different from the above-de-
scribed electric field, there is an electric field oblique to the
first main electrode M1, i.e., an oblique electric line of force
inclined to the first main electrode M1. This oblique electric
field is formed in the direction intersecting, at a sharp angle in
the counterclockwise direction, the first main electrode M1
and the second main electrode M2 parallel with the first main
electrode M1, as similar to the first alignment process direc-
tion RB1 and the second alignment process direction RB2.

The oblique electric filed generated between the first aux-
iliary electrode Al and the second main electrode M2 has
effects to help the rotation in a direction in which the liquid
crystal molecules LM should be rotated essentially and to
prevent the liquid crystal molecules LM from rotating in a
direction opposite to the direction in which the liquid crystal
molecules LM should be rotated. In other words, when a
voltage is applied (ON time), the alignment direction of the
liquid crystal molecules LM in a pixel end portion is substan-
tially same as the alignment direction of the liquid crystal
molecules LM in the vicinity of the pixel center. Thus, the
continuity of the alignment of the liquid crystal molecules
LM from the vicinity of the center of the pixel to the pixel end
portion can be maintained. For this reason, a disclination
which is generated from a discontinuity of the alignment of
the liquid crystal molecules LM can be suppressed within the
pixel. Also, although it is not shown in the figure, there is a
possibility that between the illustrated pixel PX and its adja-
cent pixel on the lower side, an electric filed may be formed
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extending downward to the left from the first auxiliary elec-
trode Al to the second main electrode M2 (or the third aux-
iliary electrode A3 disposed corresponding to the lower
pixel). However, the electric filed formed in such direction is
blocked by the first auxiliary electrode Al disposed corre-
sponding to the pixel PX or the third auxiliary electrode A3
disposed corresponding to the lower pixel. In other words, the
first auxiliary electrode A1l and the third auxiliary electrode
A3 suppress the intrusion of the electric filed which tries to
cause the liquid crystal molecules LM to be aligned in an
undesired direction. Accordingly, the disclination caused by
the undesired alignment of the liquid crystal molecules can be
prevented from being generated within each pixel.

In addition, with regard to the electric field generated
between the first electrode M1 in a direction opposite to the
direction in which the first auxiliary electrode Al extends and
the fourth auxiliary electrode A4 of the second counter elec-
trode CE2, there is the electric filed in a direction same as that
of'the electric filed generated between the first main electrode
M1 and the third main electrode M3, i.e., the electric line of
force substantially vertical to the first main electrode M1.
Also, different from the above-described electric filed, an
electric filed oblique to the main electrode M1, i.e., an oblique
electric line of force inclined to the first main electrode M1 is
also generated between the fourth auxiliary electrode A4 and
the first main electrode M1. The oblique electric field is
formed in the direction intersecting, at a sharp angle in the
counterclockwise direction, the first main electrode M1 and
the third main electrode M3 parallel with the first main elec-
trode M1 similar to the first alignment process direction RB1
and the second alignment process direction RB2.

The oblique electric filed generated between the fourth
auxiliary electrode A4 and the first main electrode M1 has
effects to help the rotation in a direction in which the liquid
crystal molecules LM should be rotated essentially and to
prevent the liquid crystal molecules LM from rotating in a
direction opposite to the direction in which the liquid crystal
molecules LM should be rotated in the end portion of the pixel
electrode PE. In other words, when a voltage is applied (ON
time), the alignment direction of the liquid crystal molecules
LM in a pixel end portion is substantially same as the align-
ment direction of the liquid crystal molecules LM in the
vicinity of the pixel center. Thus, the continuity of the align-
ment of the liquid crystal molecules LM from the vicinity of
the center of the pixel to the pixel end portion can be main-
tained. For this reason, a disclination which is generated from
a discontinuity of the alignment of the liquid crystal mol-
ecules LM can be suppressed within the pixel. Also, although
it is not shown in the figure, there is a possibility that, between
the illustrated pixel PX and an adjacent lower pixel on the
lower side, an electric filed may be formed extending upward
to the right from the second auxiliary electrode A2 ofthe pixel
electrode disposed corresponding to the lower pixel, to the
third main electrode M3 (or the fourth auxiliary electrode A4
disposed corresponding to the pixel PX). However, the elec-
tric filed formed in such direction is blocked by the fourth
auxiliary electrode A4 disposed corresponding to the pixel
PX or the second auxiliary electrode A2 disposed correspond-
ing to the lower pixel. In other words, the second auxiliary
electrode A2 and the fourth auxiliary electrode A4 suppress
the intrusion of the electric filed which tries to cause the liquid
crystal molecules LM to be aligned in an undesired direction.
Accordingly, the disclination caused by the undesired align-
ment of the liquid crystal molecules can be prevented from
being generated within each pixel.

Furthermore, the same is true to an electric field generated
between the second auxiliary electrode A2 and the third main
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electrode M3 of the second counter electrode CE2 and an
electric field generated between the first main electrode M1 in
a direction opposite to the direction in which the second
auxiliary electrode A2 extends and the third auxiliary elec-
trode A3 of the first counter electrode CE1. By providing the
second auxiliary electrode A2 and the third auxiliary elec-
trode A3, the above-described effects can be similarly
obtained.

The condition that the effects can be obtained are such that
in a pixel in which a pixel electrode PE or a counter electrode
CE includes a main electrode and an auxiliary electrode con-
nected to the main electrode, in which the pixel electrode PE
or counter electrode CE is seen in a director direction of liquid
crystal molecules LM when a voltage is not applied (OFF
time) in the vicinity of the center of the pixel, either the main
electrode or the auxiliary electrode connected to the main
electrode is provided. That is to say, the condition under
which the above-described effects can be obtained is such that
an auxiliary electrode is not provided from a base point on the
main electrode (e.g., the center “O” of the pixel electrode PE)
to the director direction of the liquid crystal molecules LM
when a voltage is not applied. Alternately, the condition under
which the above-effects can be obtained is such that the
auxiliary electrode extends in the clockwise direction from
the main electrode in case the initial alignment direction of
the liquid crystal molecules LM is a direction downward to
the right (or a direction upward to the left) and the auxiliary
electrode extends in the counterclockwise direction from the
main electrode in case the initial alignment direction of the
liquid crystal molecules LM during the OFF time is the direc-
tion downward to the left (or the direction upward to the
right).

By fulfilling the above-described conditions, the phenom-
enon of rotation in a reverse direction (in this case, the clock-
wise direction) opposite to the direction in which the liquid
crystal molecules LM in these areas should be rotated essen-
tially (in the illustrated example, the counterclockwise direc-
tion) can be suppressed to be generated. For this reason, the
generation of a dark line which is generated along with a
boundary of undesired domains generated within one pixel
can be suppressed, and the decrease in a transmissivity can be
suppressed.

In particular, even when the liquid crystal panel LPN is
subjected to external stress so as to be pressed, a phenomenon
such that a state of being pressed remains by the decrease of
the transmissivity in a local pixel PX can be prevented from
easily occurring since the electric filed for driving the liquid
crystal molecules LM in the direction to be rotated essentially
is enhanced. Thus, a display quality can be maintained in a
good state.

In this embodiment, it is desirable that 62 be larger than 0°
and smaller than 45°. When 02 is equal to or larger than 45°,
it is difficult for the liquid crystal molecules LM to uniformly
rotate in the above-described direction in each area when the
electric field is formed between the pixel electrode PE and the
counter electrode CE and the disorder of the alignment tends
to be easily generated. On the other hand, when 02 is a sharp
angle smaller than 45°, even if the strength of the electric field
between the pixel electrode PE and the counter electrode CE
is relatively small, the liquid crystal molecules LM uniformly
rotate in the above-described direction in each area. Thus, two
domains can be stably formed.

Note that, when the misalignment of the array substrate AR
with the counter substrate CT is caused, a difference may be
caused in distances with the second main electrode M2 and
the third main electrode M3 on both sides of the first main
electrode M1. However, such difference in the alignment is
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commonly generated in all the pixels PX. Thus, an electric
field distribution does not change between the pixels PX, and
an image display is not affected.

Also, even when an -electrode-to-electrode distance
between the first main electrode M1 and the second main
electrode M2 is largely different from an electrode-to-elec-
trode distance between the first main electrode M1 and the
third main electrode M3, the rotation direction of the liquid
crystal molecules LM is the same in each area (in the illus-
trated example, the counterclockwise direction), and thus it
becomes easier to align the liquid crystal molecules LM in
each area. Accordingly, the decrease in the transmissivity of
the liquid crystal display panel LPN due to an alignment
abnormality can be suppressed.

Note that since a lateral electric field is hardly formed in the
vicinity of the first main electrode M1 of the pixel electrode
PE, the vicinity of the second main electrode M2 of the first
counter electrode CE, and the vicinity of the third main elec-
trode M3 of the second counter electrode CE2 (or an electric
field enough to drive the liquid crystal molecules LM is not
formed) during the ON time, the liquid crystal molecules LM
hardly move from the initial alignment direction similar to the
OFF time. For this reason, although the pixel electrode PE
and the counter electrode CE are formed of a conductive
material having a light transmissive characteristic in the
embodiment, the light from the back light is hardly transmit-
ted in these areas and they do not contribute to an image
display during the ON time. Accordingly, the pixel electrode
PE and the counter electrode CE are not necessarily formed of
a transparent conductive material and may be formed of a
conductive material such as aluminum or silver.

Also, the first alignment process direction RB1 and the
second alignment process direction RB2 are parallel with
each other and the directions thereof are opposite to each
other in the example shown in FIG. 3 and the like, but may
have a same direction. When the first alignment process direc-
tion RB1 and the second alignment process direction RB2 are
parallel with each other and have a same direction, during the
OFF time, the liquid crystal molecules LM are aligned in a
substantially lateral direction (a pretilt angle is zero) in the
intermediate position of the liquid crystal layer LQ, and using
that position, aligned with a pretilt angle so as to be symmet-
ric in the vicinity of the first alignment layer ALL1 and the
vicinity of the second alignment layer AL.2 (splay alignment).
When the first alignment process direction RB1 and the sec-
ond alignment process direction RB2 are parallel with each
other and have directions opposite to each other, during the
OFF time, the liquid crystal molecules LM are aligned with a
substantially same pretilt angle in the vicinity of the first
alignment layer AL1, the vicinity of the second alignment
layer AL2, and the intermediate portion of the liquid crystal
layer LQ (homogeneous alignment).

With regard to the first configuration example, for example,
a configuration having a mirror image relationship with the
configuration shown in FIG. 5 may be employed. The con-
figuration in this case is as follows.

That is, although it is not shown in the figure, the pixel
electrode PE includes the first main electrode M1, the first
auxiliary electrode Al extending from the first end side of the
first main electrode M1 toward the source line S2 positioned
on the right side, and the first auxiliary electrode A2 extend-
ing to the source line S1 positioned on the left side from the
second end side of the first main electrode M1. In other words,
these first main electrode M1, first auxiliary electrode A1, and
second auxiliary electrode A2 form an inverse S-letter shape
or a substantially Z-letter shape.
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The first counter electrode CE1 is positioned on the left
side of the pixel electrode PE (or positioned adjacent to the
portion above the source line S1) and the second counter
electrode CE2 is positioned on the right side of the pixel
electrode PE (or a position adjacent to the portion above the
source line S2). The first counter electrode CE1 includes the
second main electrode M2 and the third auxiliary electrode
A3 extending from a position lined up with the first end side
of the first main electrode M1 in the second main electrode
M2 toward the second counter electrode CE2. The second
counter electrode CE2 includes the third main electrode M3
and the fourth auxiliary electrode A4 extending from the
position lined up with the second end side of the first main
electrode M1 in the third main electrode M3 toward the first
counter electrode CE1.

At this time, the first alignment process direction of the first
alignment layer ALL1 covering the pixel electrode PE and the
second alignment process direction of the second alignment
layer AL2 covering the counter electrode CE are set in a
direction parallel with the reference straight line passing
between the second end side of the first main electrode M1
and the source line S2 and between the first end side of the first
main electrode M1 and the source line S1. Even with this
configuration, the effects similar to those of the above-de-
scribed example can be obtained.

In the pixel electrode PE, the first auxiliary electrode Al
and the second auxiliary electrode A2 are not necessarily
formed in the lower end portion or upper end portion of the
first main electrode M1 like the example shown in the figure,
but may be formed in a position shifted toward the center “O”
of'the pixel electrode PE from the lower end portion or upper
end portion.

Note that, in the above-described example, the description
is given of the case where the first auxiliary electrode Al
extends to the source line S1 and the second auxiliary elec-
trode A2 extends to the source line S2. However, the source
line S1 and the source line S2 may be replaced by a gate line
G or an auxiliary capacitance line C. In other words, the first
auxiliary electrode A1 and the second auxiliary electrode A2
may extend to the gate line G or the auxiliary capacitance line
C.

The illustrated example describes the configuration in
which the pixel electrode PE, the first counter electrode CE1,
and the second counter electrode CE2 respectively include
auxiliary electrodes. However, effects similar to those of the
above-described example can be obtained by the configura-
tion in which the pixel electrode PE includes an auxiliary
electrode but the counter electrode CE does not include any
auxiliary electrode.

FIG. 8 is a plan view schematically showing another unit
constituent in one pixel PX in the first configuration example.

Similar to the example shown in FIG. 5, the pixel electrode
PE includes the first main electrode M1, the first auxiliary
electrode A1, and the second auxiliary electrode A2. The first
counter electrode CE1 includes the second main electrode
M2. The second counter electrode CE2 includes the third
main electrode M3. The first counter electrode CE1 and the
second counter electrode CE2 do not include an auxiliary
electrode.

With regard to the first alignment process direction RB1 of
the first alignment layer AL1 covering the pixel electrode PE
and the second alignment process direction RB2 of the sec-
ond alignment layer AL.2 covering the counter electrode CE
are similar to the example in the example shown in FIG. 5.

During the ON time, the liquid crystal molecules LM
between the first main electrode M1 and the second main
electrode M2 rotate in the counterclockwise direction along
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the lateral electric field between the first main electrode M1
and the second main electrode M2 and are aligned so as to
face the left side in the figure with respect to the second
direction Y. Also, the liquid crystal molecules LM between
the first main electrode M1 and the third main electrode M3
rotate in the counterclockwise direction along the lateral elec-
tric field between the first main electrode M1 and the third
main electrode M3 and are aligned so as to face the right side
in the figure with respect to the second direction Y.

An operation of this configuration along with the first aux-
iliary electrode A1 and the second auxiliary electrode A2 is
briefly described.

FIG. 9 is a schematic view of an electric line of force
expressing an electric field generated when a positive voltage
is applied to the pixel electrode PE and a negative voltage is
applied to the counter electrode CE.

With regard to the electric field generated between the first
auxiliary electrode Al and the second main electrode M2 of
the first counter electrode CE1, an electric line of force sub-
stantially vertical to the first main electrode M1 and an
oblique electric line of force inclined to the first main elec-
trode M1 are generated. The oblique electric field is formed in
the direction intersecting, at a sharp angle in the counter-
clockwise direction, the first main electrode M1 and the sec-
ond main electrode M2 similar to the first alignment process
direction RB1 and the second alignment process direction
RB2.

The oblique electric filed generated between the first aux-
iliary electrode Al and the second main electrode M2 has
effects to help the rotation in a direction in which the liquid
crystal molecules LM should be rotated essentially and to
prevent the liquid crystal molecules LM from rotating in a
direction opposite to the direction in which the liquid crystal
molecules LM should be rotated. For this reason, a disclina-
tion which is generated from a discontinuity of the alignment
of' the liquid crystal molecules LM can be suppressed within
the pixel.

Also, with regard to the electric field generated between the
first main electrode M1 in a direction opposite to the direction
in which the first auxiliary electrode Al extends and the
second counter electrode CE2, an electric line of force sub-
stantially vertical to the first main electrode M1 and an
oblique electric line of force inclined to the first main elec-
trode M1 are generated. The oblique electric field is formed
from the first main electrode M1 to the second counter elec-
trode CE2 toward an outside of the illustrated pixel PX. The
inclination of the electric field is formed in a direction inter-
secting, ata sharp angle in the counterclockwise direction, the
first main electrode M1 and the third main electrode M3
parallel with the first main electrode M1 similar to the first
alignment process direction RB1 and the second alignment
process direction RB2.

The oblique electric field generated between the first main
electrode M1 and the second counter electrode CE2 has
effects in the end portion of the pixel electrode PE to help the
liquid crystal molecules LM to rotate in a direction in which
the liquid crystal molecules LM should be rotated essentially
and to prevent the liquid crystal molecules LM from rotating
in a direction opposite to the direction in which the liquid
crystal molecules LM should be rotated. In other words, when
avoltage is applied (ON time), the alignment direction of the
liquid crystal molecules LM in the pixel end portion is sub-
stantially same as the alignment direction of the liquid crystal
molecules LM in the vicinity of the pixel center. Thus, the
continuity of the alignment of the liquid crystal molecules
LM from the vicinity of the pixel center to the pixel end
portion is maintained. Accordingly, the disclination gener-
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ated from the discontinuity of the alignment of the liquid
crystal molecules LM can be suppressed within the pixel.

Hereinafter, a second configuration example of the present
embodiment is described.

FIG. 10 is a plan view schematically showing a minimum
unit constituent in one pixel PX of the second configuration
example. Inthe example shown here, a first alignment process
direction RB1 of a first alignment layer ALL1 covering a pixel
electrode PE and a second alignment process direction RB2
of'a second alignment layer AL2 covering a counter electrode
CE are parallel with a second direction Y. In other words, an
initial alignment direction of liquid crystal molecules LM
corresponds to the second direction Y, but may be another
direction other than the second direction Y.

The pixel electrode PE includes a first main electrode M1,
a second main electrode M2, a first auxiliary electrode Al, a
second auxiliary electrode A2, and a third auxiliary electrode
A3.

The first main electrode M1 extends like a belt in a first
extending direction D1. The second main electrode M2
extends like a belt in a second extending direction D2 differ-
ent from the first extending direction D1. The first end side of
the first main electrode M1 and the first end side of the second
main electrode M2 are connected. In the illustrated example,
the first main electrode M1 and the second main electrode M2
form a dog-leg shape.

Here, the first extending direction D1 is a direction inter-
secting the initial alignment direction (the second directionY)
at a sharp angle in the clockwise direction, while the second
extending direction D2 is a direction intersecting the initial
alignment direction (the second direction Y) of the liquid
crystal molecules LM at a sharp angle in the counterclock-
wise direction. An angle 63 between the initial alignment
direction and the first extending direction D1 is substantially
same as an angle 04 between the initial alignment direction
and the second extending direction D2. Also, the angles 63
and 04 are larger than 0° and smaller than 45°, and are
approximately 5° to 25°, more preferably, around 10°.

The first auxiliary electrode Al extends like a belt from the
second end side of the first main electrode M1 in a direction
different from the first extending direction D1 and the second
extending direction D2. The second auxiliary electrode A2
extends like a belt from the connected portion of the first main
electrode M1 with the second main electrode M2 in a direc-
tion different from the first extending direction D1 and the
second extending direction D2. The third auxiliary electrode
A3 extends like a belt from the second end side of the second
main electrode M2 in a direction different from the first
extending direction D1 and the second extending direction
D2. Inthe illustrated example, the first auxiliary electrode Al
and the third auxiliary electrode A3 extend toward the right
side (i.e., toward the source line S2 being a second line), while
the second auxiliary electrode A2 extends toward the left side
(i.e., the source line S1 being a first line).

The first counter electrode CE1 includes a third main elec-
trode M3, a fourth main electrode M4, a fourth auxiliary
electrode A4 and a fifth auxiliary electrode AS.

The third main electrode M3 extends like a belt in the first
extending direction D1. The third main electrode M3 is
arranged on the first main electrode M1 without overlapping.
The fourth main electrode M4 extends like a belt in the second
extending direction D2 without overlapping. The fourth main
electrode M4 is arranged on the second main electrode M2. A
first end side of the third main electrode M3 and a first end
side of the fourth main electrode M4 are connected. In the
illustrated example, the third main electrode M3 and the
fourth main electrode M4 form a dogleg shape.
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The fourth auxiliary electrode A4 extends like a belt from
a position lined up with the first end side of the first main
electrode M1 in the third main electrode M3 to the second
counter electrode CE2. The fifth auxiliary electrode AS
extends like a belt from a position lined up with the second
end side of the second main electrode M2 in the fourth main
electrode M4 to the second counter electrode CE2. The direc-
tion in which the fourth auxiliary electrode A4 and the fifth
auxiliary electrode A5 extend is different from the first
extending direction D1 and the second extending direction
D2. In the illustrated example, the fourth auxiliary electrode
A4 and the fifth auxiliary electrode A5 extend to the right side
and the extending directions thereof are parallel with the first
direction X.

The second counter electrode CE2 includes a fifth main
electrode M5, a sixth main electrode M6, and a sixth auxiliary
electrode A6.

The fifth main electrode M5 extends like a belt in the first
extending direction D1. The fifth main electrode M5 is dis-
posed on a side opposite to the third main electrode M3 across
the portion right above the first main electrode M1. In other
words, the third main electrode M3 and the fifth main elec-
trode M5 are disposed on both sides of the first main electrode
M1. The third main electrode M3 of the first counter electrode
CE1, the first main electrode M1 of the pixel electrode PE,
and the fifth main electrode M5 of the second counter elec-
trode CE2 are sequentially arranged in this order from the left
to the right in the figure in the first direction X.

The sixth main electrode M6 extends like a belt along the
second extending electrode D2. The sixth main electrode M6
is disposed on a side opposite to the fourth main electrode M4
across the portion right above the second main electrode M2.
In other words, the fourth main electrode M4 and the sixth
main electrode M6 are disposed on both sides of the second
main electrode M2. The fourth main electrode M4 of the first
counter electrode CE1, the second main electrode M2 of the
pixel electrode PE, and the sixth main electrode M6 of the
second counter electrode CE2 are sequentially arranged in
this order from the left to the right in the figure in the first
direction X.

The sixth auxiliary electrode A6 extends like a belt from
the connected portion of the fifth main electrode M5 with the
sixth main electrode M6 toward the first counter electrode
CE1. The direction in which the sixth auxiliary electrode A6
extends is different from the first extending direction D1 and
the second extending direction D2. In the illustrated example,
the sixth auxiliary electrode A6 extends to the left and the
extending direction thereof is parallel with the first direction
X.

Here, the first alignment process direction RB1 of the first
alignment layer [LA1 and the second alignment process direc-
tion RB2 of the second alignment layer AL2 are parallel with
each other and have a direction passing through an interstice
between the second end side of the first main electrode M1
and the source line S1 being the first line and an interstice
between the second end side of the second main electrode M2
and the source line S1 being the first line.

A relationship between the areas in which the first auxiliary
electrode A1, the second auxiliary electrode A2, and the third
auxiliary electrode A3 are disposed and the first alignment
process direction RB1 and the second alignment process
direction RB2 is as follows. That is, the first auxiliary elec-
trode Al and the second auxiliary electrode A2 are disposed
in an area where an angle 63 between the first reference
straight line LR1 which is parallel with the initial alignment
direction (here, the second direction Y) of the liquid crystal
molecules LM and passes through the first center O1 of the
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first main electrode M1 and the first center line LC1 which is
parallel with the first extending direction D1 and passes
through the first center O1 of'the first main electrode M1 is an
obtuse angle. Also, the second auxiliary electrode A2 and the
third auxiliary electrode A3 are disposed in an area where an
angle 04 between a second reference straight line LR2 which
is parallel with the initial alignment direction of the liquid
crystal molecules LM (here, the second direction Y) and
passes through the second center O2 of the second main
electrode M2 and a second center line LC2 which is parallel
with the second extending direction D2 and passes through
the second center O2 of the second main electrode M2 is an
obtuse angle.

Note that the fourth auxiliary electrode A4 extends in a
direction same as that of the first auxiliary electrode Al (here
to the right) and the fifth auxiliary electrode A5 extends in a
direction same as that of the third auxiliary electrode A3 (here
to the right). The sixth auxiliary electrode A6 extends in a
direction same as that of the second auxiliary electrode A2
(here to the left).

In the second configuration example, the liquid crystal
molecules LM of the liquid crystal layer LQ of the pixel PX
are aligned in a direction parallel with the first alignment
process direction RB1 and the second alignment process
direction RB2 during the OFF time. Here, the first alignment
process direction RB1 and the second alignment process
direction RB2 are parallel with the second direction Y. For
this reason, the liquid crystal molecules LM are aligned so
that the longitudinal axis thereof would be parallel with the
second direction Y as shown by the broken line in the figure.
At this time, display is made in black similar to the first
configuration example.

On the other hand, during the ON time, a lateral electric
field (or oblique electric filed) substantially parallel with the
substrates is formed between the first main electrode M1 and
the third main electrode M3, between the second main elec-
trode M2 and the fourth main electrode M4, between the first
main electrode M1 and the fifth main electrode M5, and
between the second main electrode M2 and the sixth main
electrode M6. With this configuration, the liquid crystal mol-
ecules LM rotate in a plane substantially parallel with the
principal substrate surface so that the longitudinal direction
thereof would be substantially parallel with the direction of
the electric field.

In the illustrated example, the liquid crystal molecules LM
between the first main electrode M1 and the third main elec-
trode M3 rotate in the counterclockwise direction along the
lateral electric field between the first main electrode M1 and
the third main electrode M3, and are aligned so as to face an
upper left direction in the figure. The liquid crystal molecules
LM between the first main electrode M1 and the fifth main
electrode M5 rotate in the counterclockwise direction along
the lateral electric field between the first electrode M1 and the
fifth main electrode M5, and are aligned so as to face the
lower right in the figure.

Also, the liquid crystal molecules LM between the second
main electrode M2 and the fourth main electrode M4 rotate in
the clockwise direction along the lateral electric field between
the second main electrode M2 and the fourth main electrode
M4, and are aligned so as to face the lower left in the figure.
The liquid crystal molecules LM between the second main
electrode M2 and the sixth main electrode M6 rotate in the
clockwise direction in the lateral electric field between the
second main electrode M2 and the sixth main electrode M6,
and are aligned so as to face the upper right in the figure.

As described above, in each pixel PX, in a state where the
lateral electric field is formed between the pixel electrode PE
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and the counter electrode CE, the alignment direction of the
liquid crystal molecules LM is divided into four, and a
domain is formed in each of the four directions. In other
words, four domains are formed in each pixel PX.

Atthis time, portions of the light from the back light, which
enters the liquid crystal display panel LPN, a polarization
state of the light is changed when passing between the first
main electrode M1 and the third main electrode M3, between
the first main electrode M1 and the fifth main electrode M5,
the second main electrode M2 and the fourth main electrode
M4, and between the second main electrode M2 and the sixth
main electrode M6, and the light passing through the liquid
crystal layer L.Q is displayed in white after transmitting the
second polarizer PL.2.

According to the second configuration example of the
embodiment, four domains can be formed in one pixel. Thus,
a viewing angle can be optically compensated in four direc-
tions and a wider viewing angle can be provided. Accord-
ingly, a liquid crystal display device having a good display
quality can be provided.

Furthermore, an electric filed needed for driving the liquid
crystal molecules LM is enhanced by the arrangement of the
first auxiliary electrode Al, the second auxiliary electrode
A2, and the third auxiliary electrode A3, and the arrangement
of the fourth auxiliary electrode A4, the fifth auxiliary elec-
trode A5, and the sixth auxiliary electrode A6. Accordingly,
effects similar to those of the first configuration example can
be obtained.

Hereinafter, an embodiment corresponding to the first con-
figuration example is described.

[Embodiment]

An array substrate AR including a pixel electrode PE hav-
ing a shape shown in FIG. 3 is prepared. Each width of a first
main electrode M1 configuring the pixel electrode PE, a first
auxiliary electrode A1, and a second auxiliary electrode A2 is
settobe 10 um. As for the array substrate AR, a first alignment
layer AL showing a lateral alignment with a film thickness of
70 nm covering the pixel electrode PE is formed and align-
ment process is performed in a first alignment process direc-
tion RB1 parallel with a reference straight line LR.

On the other hand, a counter substrate CT including a
counter electrode CE having a shape shown in FIG. 4 is
prepared. Each width of a second main electrode M2 config-
uring a first counter electrode CE1 and a third auxiliary elec-
trode A3 is set to be 10 pm. Each width of a third main
electrode M3 configuring a second counter electrode CE2 and
a fourth auxiliary electrode A4 is set to be 10 um. As for the
counter electrode CT, a second alignment layer ALL2 showing
alateral alignment with a film thickness of 70 nm covering the
counter electrode CE is formed and alignment process is
performed in a second alignment process direction RB2 par-
allel with the reference straight line LR. An angle between a
first extending direction in which the first main electrode M1,
the second main electrode M2, and the third main electrode
M3 extend and the reference straight light LR is set to be
approximately 20°.

A cell gap of 4.0 pm is formed between the array substrate
AR and the counter substrate CT to adhere the array substrate
AR with the counter substrate CT. At this time, an interval
between each main electrode of the pixel electrode PE and
each main electrode of the counter electrode CT is set to be 10
um. A positive-type liquid crystal material which is a product
of the Merck Co. is injected between the array substrate AR
and the counter substrate CT to manufacture a liquid crystal
display panel LPN with a pixel pitch of 50 pm.

According to the embodiment, one pixel is divided into two
domains during the ON time and a viewing angle can be
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compensated in the two directions. Also, according to the
embodiment, even when a liquid crystal display panel PNL is
pressed, a state of being pressed does not remain in the panel.

As described above, according to the embodiment, a liquid
crystal display device having a good display quality can be
provided.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions. In
practice, the structural and method elements can be modified
without departing from the spirit of the invention. Various
embodiments can be made by properly combining the struc-
tural and method elements disclosed in the embodiments. For
example, some structural and method elements may be omit-
ted from all the structural and method elements disclosed in
the embodiments. Furthermore, the structural and method
elements in different embodiments may properly be com-
bined. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall
with the scope of the inventions.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate including a first line and a second line
extending in directions parallel with each other, a pixel
electrode having a first main electrode disposed between
the first line and the second line and extending like a belt
in a first extending direction, a second main electrode
extending like a belt in a second extending direction
different from the first extending direction and con-
nected with the first main electrode, a first auxiliary
electrode extending from a second end side of the first
main electrode toward the second line, a second auxil-
iary electrode extending from a connected portion of the
first main electrode with the second main electrode
toward the first line, and a third auxiliary electrode
extending from a second end side of the second main
electrode toward the second line, and a first alignment
layer covering the pixel electrode;

a second substrate including a first counter electrode hav-
ing a third main electrode extending like a belt in the first
extending direction and a fourth main electrode extend-
ing like a belt in the second extending direction and
connected with the third main electrode, a second
counter electrode having a fifth main electrode extend-
ing like a belt in the first extending direction and a sixth
main electrode extending like a belt in the second
extending direction and connected with the fifth main
electrode, and a second alignment layer covering the
first counter electrode and the second counter electrode;
and

a liquid crystal layer including liquid crystal molecules
held between the first substrate and the second substrate,

wherein the third main electrode and the fifth main elec-
trode are disposed on both sides of the first main elec-
trode, the fourth main electrode and the sixth main elec-
trode are disposed on both sides of the second main
electrode, and an initial alignment direction of the liquid
crystal molecules is parallel with a direction passing
through an interstice between the second end side of the
first main electrode and the first line and an interstice
between the second end side of the second main elec-
trode and the first line.

2. The liquid crystal display device according to claim 1,

wherein

the first counter electrode includes a fourth auxiliary elec-
trode extending from a position in the third main elec-
trode which is lined up with the second end side of the



US 9,235,094 B2

23

first main electrode toward the second counter electrode,
and a fifth auxiliary electrode extending from a position
in the fourth main electrode which is lined up with the
second end side of the second main electrode toward the
second counter electrode, and

the second electrode includes a sixth auxiliary electrode

extending from a connection portion of the fifth main
electrode with the sixth main electrode toward the first
counter electrode.

3. The liquid crystal display device according to claim 1,
wherein the liquid crystal molecules are in a state of homo-
geneous alignment or splay alignment when electric field is
not generated among the pixel electrode, the first counter
electrode and the second counter electrode.
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